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1. INTRODUCTION

During December 1983, Arctic air masses repeatedly moved southward across
the conterminous United States from Alaska and the Northwest Territories of
Canada. While affecting the central and eastern United States, these cold air
outbreaks were responsible for shattering numerous minimum temperature records.
We investigated how the Model Output Statistics (MOS) temperature guidance
handled one such record-breaking Arctic anticyclone during December 24
through December 26, 1983. This particular period was selected because the
severe cold caused extensive damage to the citrus and vegetable crops in Texas
and Florida. The results of this study indicate that the MOS minimum tempera-
ture forecasts provided useful information to the forecasters at cities where
new temperature records were established.

2. APPROACH

Figs. 1-3 show the minimum (min) temperatures observed over a 12-h period
ending at 1200 GMT on December 24, December 25, and December 26, 1983,
respectively. Also included on these charts is a list of stations reporting
min temperatures that equaled or broke previous record values. These stations
are identified by World Meteorological Organization (WMO) station numbers.
Adjacent to the identifier is the reported observed min and the type of record
that was tied or broken. These records are encoded as the acronyms LOEDA,
LOEFM, LOXDA, and LOXFM which indicate, respectively, that the lowest tempera-
ture for the day was equaled, the lowest temperature for the month was equaled,
the lowest temperature for the day was exceeded, and the lowest temperature for
the month was exceeded. We looked at the MOS min guidance only for those
record-reporting stations on these charts. By doing this, we are not implying
that no other temperature records were broken; we simply selected data that
were easily accessible. Where possible, we verified the reported temperatures
by consulting our archive of observed hourly data.

The MOS min temperature forecasts (Dallavalle et al., 1980; National Weather
Service, 1980) provide LFM-based guidance for calendar day values (midnight to
midnight, local time) at a station. In particular, from the 0000 GMT forecast
cycle, we produce forecasts of tomorrow's and the day after tomorrow's min
temperatures that are often valid approximately 36 and 60 hours, respectively,
after 0000 GMT. Similarly, at the 1200 GMT cycle, min temperature guidance is
available for tomorrow's and the day after tomorrow's min. Under normal cir-
cumstances, these values verify approximately 24 and 48 hours, respectively,
after 1200 GMT. The MOS temperature guidance is provided to the forecaster in
both graphical (National Weather Service, 1980) and alphanumeric (National
Weather Service, 1983a; National Weather Service, 1983b) form. For this study,
we examined only the first min temperature forecast from 0000 GMT and the two
min temperature forecasts from 1200 GMT data. In our opinion, the forecast



(approximately 60 hours) of the day after tomorrow's min temperature generated
during the 0000 GMT forecast cycle is of limited value in record-breaking
situations because the guidance is based on 48-h numerical model forecasts and
tends to predict values closer to the normal.

In the results that follow, we examine the guidance as though it were valid
for the nighttime rather than calendar day period. Our intention is to
determine if the guidance warned of a record-breaking event. Nothing should
be inferred from our discussion about the accuracy of the MOS temperature
forecasts at all stations or over an extended period of record.

3. RESULTS

Tables 1, 2, and 3 show record-breaking min temperatures observed at
1200 GMT on December 24, December 25, and December 26, 1983, respectively.
We've also included the observed departures from normal and the MOS min
temperature forecasts produced approximately 24, 36, and 48 hours before the
event. The algebraic errors (forecast minus observed) for the MOS guidance
are given in parentheses after the forecast values.

On December 24, the record-breaking min temperatures given in Table 1
averaged nearly 30°F below normal. If we arbitrarily decide that a forecast
within 29F of the observed value is a prediction of the event, then the MOS
guidance for tomorrow's min from 1200 GMT data accurately predicted record-
breaking temperatures at Birmingham, San Angelo, Nashville, Fort Wayne, and
Duluth. 1In fact, this guidance tended to have a distinct cold bias; the
average mean algebraic error for those stations listed in Table 1 was -2,20F!
The MOS forecasts for tomorrow's min from 0000 GMT data and for the day after
tomorrow's min from 1200 GMT data were biased towards warm values with mean
algebraic errors of 1.20F and 8.3°F, respectively. Nevertheless,
record-breaking temperatures were predicted approximately 36 hours in advance
at Waco, Peoria, Des Moines, Cheyenne, and Casper; from 48 hours in advance,
the MOS forecasts were for record-breaking values at Wichita, Peoria, Des
Moines, and Duluth. Note, too, that in terms of mean absolute error the
guidance generally improved as the projection decreased.

Similar results can be seen for min temperatures observed on December 25
(Table 2). The MOS forecasts showed a pronounced warm bias for all three
forecast projections although this bias declined dramatically from the
day after tomorrow's min (1200 GMT) forecast to tomorrow's min forecast
(1200 GMT). Note, too, the small mean absolute error for this latter fore-
cast projection as the MOS guidance predicted record-breaking lows at
Birmingham, New Orleans, Lake Charles, Shreveport, Brownsville, San Antonio,
Victoria, Columbia, Charlotte, Nashville, Wichita Falls, Topeka, Peoria, Fort
Wayne, and Omaha. Record-breaking values were predicted from the other two
projections, although not so profusely as in the shorter range forecast.

The same pattern of accuracy occurs on December 26 (Table 3). The warm bias
decreases sharply as the forecast projection becomes shorter. The guidance
made for tomorrow's min temperature from 1200 GMT data is particularly
accurate, predicting record-breaking values at Jacksonville, Atlanta,
Shreveport, Brownsville, Waco, Columbia, Charlotte, Nashville, Memphis,
Wichita Falls, and Philadelphia.



The LFM-analyzed 1000-500 mb thickness fields observed at 1200 GMT on
December 24, December 25, and December 26 are shown in Figs. 4, 5, and 6,
respectively. The LFM forecasts made 24, 36, and 48 hours in advance and
valid for those times are also included. As indicated by the observed 552 dm
contour, the cold air plunged deep into Texas on December 24, advanced into
Florida by December 25, and reluctantly began to retreat from Texas by
December 26. The LFM prognosis valid 48 hours in advance showed a distinct
warm bias in Texas and the southeastern United States. The 36-h forecast was
consistently colder than the 48-h prognosis valid at the same time. The 24-h
prediction was colder than either the 36- or 48-h model output. Nevertheless,
the 24-h LFM thickness forecasts were still too warm in Texas and the south-
eastern United States.

4. DISCUSSION

From the results presented in the previous section, several observations can
be made about the MOS guidance. It is clear that the MOS temperature fore-
casts can and do predict record-breaking values. As shown, numerous minimum
temperature records were shattered during the December 24 to December 26, 1983
period. Although the MOS guidance did not predict the majority of these
events, some indication was given that unusual weather conditions would
occur. Obviously, record-breaking events are rare in the MOS developmental
sample. Nevertheless, it is tempting to speculate that on the synoptic scale
the atmosphere is sufficiently well-behaved that a linear regression scheme
like MOS shows skill in predicting events unavailable in the development. In
other words, the MOS guidance can accurately forecast record-breaking temper-
atures at individual stations on specific days. This does not suggest,
however, that the MOS errors averaged over a large number of stations will be
small during periods when the atmospheric conditions deviate greatly from
normal. On the contrary, another study (Murphy and Dallavalle, 1984)
indicates that an increase in the overall temperature forecast errors tends to
be associated with increasingly anomalous synoptic scale patterns.

As shown in Tables 1-3, the MOS forecasts usually improved as the length of
projection decreased. Several reasons exist for this. First, as a general
rule, the accuracy of the MOS guidance decreases with increasing projection.
For example, in the developmental sample, the 24-h min temperature forecast
equations fit the data more accurately than the 48-h min forecast equations.
This is a natural result of the deterioration of the LFM forecasts with time.
Consequently, for the longer range projections, the MOS forecasts tend toward
a forecast of normal (as defined in the developmental sample) conditions. At
the longer range projections in this study, the MOS guidance indicated below-
normal temperatures, but not to the extent that actually occurred. This may
simply be a limitation of the MOS technique. Secondly, as shown in Figs. 4-6,
the 48-h LFM forecast persistently showed warm air moving back into Texas. As
the valid time approached, the LFM forecasts for Texas and the southeastern
United States became colder and the MOS forecasts followed this trend.

Because the MOS guidance is driven by the LFM forecasts, it usually shows a
direct relation to the model output. Finally, the shorter range MOS guidance
relies strongly on surface observations as predictors. It is likely that the
guidance for tomorrow's min from 1200 GMT data accounted for the extremely
cold air that was influencing the area.



Since both the LFM and the MOS guidance had a warm bias at the 36- and 48-h
projections, we might speculate whether the MOS forecasts would have been
better with a more accurate LFM. We have not included details here, but
Hlywiak and Dallavalle (1984) showed two cases during the 1983-84 winter where
perfect LFM forecasts were used in the MOS equations. Their results showed
some improvement in the MOS guidance, but not to an overwhelming degree. This
is not too surprising. Since the MOS approach is designed to account for both
systematic biases and the inherent inaccuracy of the numerical model, we would
not expect the guidance to give perfect forecasts on any given day, even with
perfect model output. To the extent that the MOS predictors represent real
atmospheric relationships, the guidance would improve with a more accurate
model. However, because the MOS equations are also providing a statistical
correction, a more accurate model on a given day does not necessarily imply
better statistical forecasts.

One final point needs to be mentioned. As alluded to previously, the MOS
temperature forecast equations do not explain 100% of the temperature variance
of the developmental sample. In other words, if we make forecasts from the
guidance equations on the developmental data, we will find errors in the
guidance. Part of this error is due to the inaccuracy of the LFM, but part is
likely because of limitations in our predictors. Undoubtedly, we do not use
every meteorological quantity that explains temperature variations. Primary
physical quantities that come to mind are the surface moisture and tempera-
ture. We know that under summer drought conditions the MOS maximum
temperature guidance has a cold bias (McCarthy, 1984) because most of the
sun's energy is being converted into sensible heat, rather than the usual
combination of sensible and latent heat. Likewise, we think the MOS guidance
can go awry in the winter if soil conditions are unusual. Prior to the
December 24-26, 1983 period, the soil temperature in Texas and the south-
eastern United States was probably substantially colder than normal because of
earlier Arctic outbreaks. Moreover, the extensive snow cover to the north
meant that the anticyclone moving southward during December 24 and 25
underwent less surface modification than normal. In fact, it is tempting to
speculate that the errors in the LFM were due to inadequate representation of
surface conditions. Nevertheless, it seems clear that the MOS temperature
forecasts will be erroneous when surface conditions that impact the tempera-
tures are extremely abnormal. Until observations of soil temperature and
moisture are taken on a regular basis and can be included explicitly in the
MOS development, this limitation on the accuracy of the guidance will continue
to exist.

5. CONCLUSIONS

From this study, some guidelines can be established to help the forecaster
use the guidance more effectively. As we have shown, during the December
24-26, 1983 period, the MOS min temperature guidance predicted a number of
record-breaking values, particularly at the shorter ranges. An objective
forecast of near- or record-breaking temperatures is a warning of the possi-
bility of an extremely unusual event. The forecaster must know the local
climatology, particularly regarding record-breaking temperatures. Secondly,
the forecaster should remember that the MOS guidance is directly dependent on
the LFM. If the LFM shows cooling (or warming), MOS will generally do like-



wise. If consistency or trends in the LFM guidance over several cycles
indicate to the forecaster how the model should be modified, then similar
reasoning should be applied to the interpretation of the MOS guidance.
Thirdly, the forecaster must recognize that the MOS forecasts tend with
increasing projection toward the normals because of inherent limitations in
the accuracy of the LFM. A large forecast deviation from normal at these
ranges must be considered carefully by the forecaster as a potential early
warning signal. Similarly, during a cold air outbreak, the MOS guidance often
predicts warming in the min temperature from the first period to the third
period. This change must be viewed with caution since it may be reflecting
the tendency of MOS to revert to nmormal conditions at the longer range
projections. Finally, and, perhaps, most importantly, the forecaster must
realize that ground conditions are only included implicitly in the MOS
forecast equations. Significant deviations from normal in snow cover, soil
moisture, or soil temperature can cause errors in the MOS temperature
forecasts because the surface physical processes controlling the low-level
temperature are not modeled explicitly by the MOS approach.
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